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Abstract

duroral or magnetic substorms are periods of enhanced auroral and
geomagnetlie actfvity lasting one to a few hours that signify Increased
dissalpntion of energy from the magnetosphere to the earth. Data acquired
during the past decade from satellites In the near-earth sector of the
magnetotall have sugpgested that during a substorm part of the plasma sheet is
severed from carth by magnetle veconnectlion, forming a "plaswold,"” i.e., a
body of plasma and closed magnetic Loops, that flows out of the tall Into the
solar wind, thus returning plasma  and enervpy that have eavller been
accumilated from the solar wind, Very vrecently this pleture has  been
dramas{cally confirmed by obscrvations, with the TS8FER 3 spacecraft in the
mapgnetotail 220 RH from carth, of plasmolds pagsing that locatfon [n elenr
delayed  reasponse  to substorms,. Tt now appears that plasmold release 8 a
fundamental procesas whereby the magnetosphere plves ap  exeess  stored  enerpy
and  plaszma, mueh  Iike comots are peen to do, and that the phenomena of the

subalora aeen al earth are a by=-prodact of that fundamental process.

Intvoduet fon
The solar wind cavelen enerpy away from the gun cont fnoally In the Torm
of  raphlly flowing, fully lonlzed hydiogen plasma.  This ta threaded with

"razen " solae magnetie ffeld whieh 5 atretehed out by the flowing  plasma

and which Id vererred to g che tnterplanetaay mapgnette Cleld (IMF). Typlaeal
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values of solar wind parameters at the orblit of the earth are: density

~ 10/cm3; flow speed w~ 450 km/sec; magnetic field strength ~ 10 nanoteslas.

These conat{tute a particle flux of ~4.5 x loalcmz-sec, a kinetic energy flux

?-aec, and a magnetic energy flux of ~10-2 erg/cmz-sec.

of roughly 1 erg/em
A!l large-scale objects orbiting the sun encounter this continual flow of
malter and energy and, because of the cohesive influence of the IMF, they can
restraln, locally, the solar wind’s flow and thereby store solar wind plasmrs
and cenergy In thelr "magnetospheres." The magnetospheres of those planets
having substant{al intrinsic magneiic flelds (e.g., Mercury, Farth, Jupiter,
Saturn) are formed by tangential stresses that the solar wind applies as it
plves up momentua to the outer vrveelons nf those flelds, stretching them
downsiream to form Llong comet-like "magnetotalls.”"  The magnetospheres of
comers and of planeis that lack a substantial intrinsle Ffleld (e.g., Venus)
are formed by the slowing down or "hanging=up" of the IMF by mass loading with
cometary or  planetary fons or by interaction wlith their condurtling
Lonospheres.

Storage of  cenergy  cannot  contlnue indefinltely and the magnetospheres
mukt, elther continmlly or fntewmittently, rveleane storad enorgy and  plasma
tao thelfr parent body or back to the solar wind. In the case of comets, larpe
reloates of ecnerpy o the solar wind  oceur  intermittently, simply by the
comer o digearding part or all of [ts plasma tall. This proceas, flluatrated
(o Figure 1, e thoupht to ocenr by mapnetle reconnect{on (see the paper by
Mo 4y Nieddner, Jre, In thin volume), In Figure 1, even as the detached tall
ol coaet harvhouse delfta dowastream (o Lthe solar wind, a new tnfl {y neen Lo
be Corming an Hnes of the TME fold around the comet’s hoads 1L 18 reasonable
to  ark whether the mapnetasphere of the el may  alno a fd ftnelfl,

Intermittently, of oxcons eneogy amd planma (o this wavy and, tndeed, there (a
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very good evidence that {t does. This evidence, gaired during the past
decade, largely from satellite measurements of partlcles, plasmas, and flelds
in the outer magnetosphere, suggests very strongly that during ‘substorms" the
earth’s magnetosphere spontaneously divests itself of a substantial portlon of
the "plasma sheet" that ertends across the midplane cf .Lta magnetotail. In
fact 1t now appears that this is the basic underlying physlical process In a
substorm, i.e., the magnetotall getting rid of stored plasma and energy ti.at
it can no longer restraln.

This paper will descrihe the cvidence mentioned above, df{scussing first
that obialned during the past decade from satelllites orriting relatively close
to the earth and concluding with a discussion of some remarkable observatioas,
made very recently with the ISEE-3 satellite far out In the magnetotafl, of
plasmoids, L.e., detached portinng of the plasma shect, flowing out of Lhe

magnetotall {nto the downstream solar wind.

Auroral and Mapnettic Substouvms

The auroras that rvepularly L'ght the night skies of the northern and
southewn polar reglons of the earth havae heen an object of amazement and great
interent to nan throughout vecorded historys Over the conturfes, many men of
snulence, Famous Tfor thetir contribitions Lo phfllosnophy, mathematles, chemistry,
and phvsten, have puzzled, also, about the anrvora. Forr example  the nnme,
Aauara borealta (morthern dawn), s sald to have been fleee used by Galilen In
1616, Edmmd lalley, In 1716, was the flrat to wupgesat some volatioaship
boiwern anvoras  and the eaprth’n magnetic flelds Bet modern anderstanding of
the aurorvan bepan In the late nlnetecnth and early  twentieth  centuries with
ovtennlve observeatfonal  and theoretfonl  work suech an that of Hirkeland and

St that she and the avrocan to be caused by charpged part felos,  potded by
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the earth’s magnetic fleld, bombarding the upper atmosphere. (See Eather,
1980, for an excellent description of auroras and the development of our
underatanding of them from antiquity up to modern times.)

The Internatlonal Geophysical Year (IGY) of 1957-1958 brought globaliy-
organfzed research efforts, along with modern rocket and satellite
technologies, to besr on geophysics problems, with a 3trong focus on auroral
and magnetospheric research. Widespread networks of all-sky cameras and
mapgnetometers were estahlished to tudy the large—gcale space and time
variatfons of auroras and their associated magnetic signatures. Using data
from these, Akawofu (1564) 1ldentified a sequence of systematic and
characteristic aurorval displays which he eatled an "auroral subsiorm." Ouiet
auroras which Llie along the auroral oval are Intermi:tently activated. 1t ls
at these times that brlght, active, and spectacular aurorval displays are seen.
Thia activatfon generally originates near 'ocal midnight and rapldly spreads
to carller and later local timer and to higher latitudes. The 8substorm
vreaches  Lts perak In o rather shov: time (16-20 wlnutes) and pradually
substdes.  The auvoral actlvation Ls acenupanied by substantial (as great as 1
to 2 peraent) vartatfons of the Lleeal surface goomagnetic fleld, called
"magnetie bays" and thus the name "mapgnetle substorm" {8 sometimes applied to
these  Intervald of auroral and magnelle activation. Gn nome days (ealled
"quie: days") theos may be only a very small number  of  substorms (ov none)
(dentified.  Mar "asttve dayr" are more usnal, and then substorms occur svery

fow houra,
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The Reconnection Model of Substorma

The advent of scientific spacecraft brought observations of plasmas,
particles, and fields iIin distant space around the earth without which our
understanding uf substorms could not have gone much beyond simply their
identification. The existence and general chaégcter of the earth’s
magnetotail ..re first fully recognized by Ness (1965) in magne:zic data
returned by the earth satellite 1Imp l. The plasma sheet that carries the
cross-tall electriec current was discovered by Bame et al. (1967) with a
plasma probe on the earth satellite Vela 2B. It was found, soon after these
basic structural features were ascertained, that certain variations of the
magnetotall and of Its plasma and partlcle populat{ons characteristlically
aceompany subgtorms. As a result of these latter dlscoveries, the substorm
quickly assumed & central role in magnetospheric physlcs, as a phenomenon that
ordered a wide variely of outer magnetospheric observations and that thus
seemed a fundamenial part of the magnetosphere’s functloning and required a
physieal explanatlon. Unfortunately, but perhaps not surprisingly, the
complexity of such & plobal phenomenon and the relatively I(ncomplote
observational coverape of [t that ean be palned from Limited numbers of ground
siat lons somet tmey make the suhstlorm’s fdent{ficatlion lmproclse.
Nevertheless, the studlea of magnetospheric dynamfcs over the past 16 years,
with the substorm as n Focus, have achleved a qufte satisfactory undeestanding
aof the macroncople aapeaiy of the asolar wind=magnetosphere foteraction  In
terms of magnet e reconnect lon, fneluding a reconnection model of subatormn,

A full digseusstion of the recomnection model of subatorms and ol (tw
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its substorm variations. We shall do 80 by first examining plasma sheet
phenomena observed vith Imp 8 satellite during a substorm on October B8, 1974,
and then offeriny an explanation for these phenomera in terms of the
reconnection model: The geomagnetic signatur: of the subhstorm was the 800 nT
magnetic bay shown In the ragnetometer record from :the near-midnight Russaian
scatfon, Dixon (Figure 2). Itz onset at 18:27 UT was very sharp. It began to
recover after 1its peak at ~19:05 UT and was rapidly recovering by 19:30 UT,
This vuriation of the geomagnetic field was caused by a sudden "turning-on" of
an Intense westward current (called 1 westward electcojet) in the ionosphere
above Dixon. Fxaminatlon of records from other near-midnight stations
revealed that the clectrojet atarted nearly simultaneously over a several-hour
exitent {n local time along the auroral oval. The electrojet resulted from
diverslon of part of the magnetotail’s dawn-tn-dusk cross-tall curvent along
magnetic fleld lines Llnto the lLonosphere (McPherron et al,, 1973).

At the time nf this substorn Imp B8 satellite was in the magnetotall ahout
12 R; from earth, very near local midnizht and about 2 Rg bhelow (southward of)
the estlmated location of the magnetic midplane of the tall. Data from the
satellite are shown In Figure 3 where the onset tlme of the substorm (18:27
UT) (s marked br a dashed vertleal Line, fofucldent witn the bay onsct the
plasma hepan to flow tallward and the energetle elactron flux rose suddenly
above background. The mapnetle field latitude first turped northward and
then, at 18:28:45 UT Ly turned steeply s uthward. At 18:29:20 UT a4 dropout of
plasma started (Indieated by the rapld veductlon of plasna electron  energy
deas{v, ). A partlicularly fmportant anpeet of  these data 1s that the
enorpetle electrond were rssontialiy tsotrople when they flrst  appeared at
13:27 UT and  for aboul 4 minute ltoneer. Then, at 18:31 UP' ~hey suddenly

bepun o digplay a pronounced taf lwa, a-streaming distribatlon, “adieating thai
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the satellite became enveloped at that instant by magrelic field lines that
opened tallward (Baker and Stcne, 1976).

From 18:29 UT un*il 19:06 UT the field latitude wae mostly southward,
becoming approximately zero a: times when Imp 8 was largelv outside the plasma
shee:, as Indicated by low values of U (e.g., 18:31-18:55 UT and 18:57-19:06
uT). Also, the plasma flow continued to be tallward and the energetic
electron flux was low but streaming tailward when measurable. A: 19:06 UT,
when the bay at Dixon had begun showing rapid recovery, the field latitude
became primarily northward, plasma flow tur~ea earthward, and the energetic
electron flux became more Intense and {sotropic.

The Interpretatfon of these data {s deplcted schema:zically in Figure 4
where midnight meridian plane projections of the plasma sheet are shown at
several sequential times. (A dot represents the Imp 8 location at ~32 RE from
earth,) The processes depfcted there do not prevall over the whole width of
the plasma sheet but over perhaps the central one-half of Ite width. A
"subslorm neutral Line" or X~line, N°, forme In the near-earth sector of the
plasma sheet at substorm onset (panel 2). Magnetic reconnection occurrlng
there causes fart jetting of plasma earthward and tallward. The cearthward
Jevting plasma flows down fleld llnes to the lonosphere where Lt crentes the
auroras. The tallward Jetting plasnma constitutes the tallward flow senred by
Imp 8 wstavting at 18:27 UTe The reconnection continuing Ln pancls 3 and 4,
creates ¢ structure of closed magnetle loops, and (n panel 5 the laskt closed
floeld LlIne af the pre=substorm plasma sheet {8 pinched off by reconnection,
Inaving the plasma sheet mapnetfenlly detached from  carth,. Panel: 6 and 7
show  this detached plasma shieel, now a free "plasmotd,” acceleorating tatlward
wnder the tnfluonen of pre—exlating plasma  pressure pradlients and of  lobe

finld tines (Vines 6 and 7)) whiech (cconueected afiter (s detachment and are
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contracting tallward. In paneis 6 and 7 the center of the plasmoid, the
magnetic O-line, approaches and passes Imp 8 and this causes the change from
positive to negative magnetic fleld latitude seen at 18:28:45 UT. In panels 7
and 8 the tralling edge of the plasmoid approactes and passes Imp 8 and this
causes the plasma dropout that begins at 18:29:20 UT and that soon thereafter
results In Imp 8°s exit from the closed loops of the plasmoid to the later-
reconnected field lines that envelop 1t. The exit from the plasmold is
indicated at 18:31 YT by the appearance of a tailward-streaming population of
energetic electrons,

In panel 9 the satellite {8 shown near a very thin plasma sheet,
downstrenm from the substorm X-line, which has remained at the near-earth
location of Its initial formation. 1In this thin downsiream plasma sheet one
expects to find plasma flowing tailward from the X-line, threaded with open
fleld lines having southward latitude where they cross the midplane. And
indeed, these are the conditions found in the Imp 8 data from ~18:35 UT to
~18:56 UT, where frequent neutral sheet crossingse are Indicated by the
fluctuatlons of field longltude, the fleld 1latitude 1is predoaminantly
southward, taflward plaema flow prevalls, and the energetic nlectrons ctream
tallward, indieating open fileld lines.

Panel 10 shows the X-line, N’, atL a new distant locatlon N", and the
plasma sheet of closed field lines thlckening over the satelllite carthward of
N".  These are the ronditlons that were seen In the Tmp B data starvting at
~19:0, UTI' after an ~11 minute plasma dropout. The fleld latitude (s
predominantly northward, the plasma flow Is earthward, the energetle electrons
become [gotrople, Indicating closed {{eld lines, and thel: {ntensity bullds up
(hocause  they are now on carth=tl{ed closed fleld Lines and can no lonper

oucape),
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The picture tha: evolves from the above discussion ef data from the 13:27
UT substorm on October 8, 1974 is that, starting precisely at the substorm’s
onset, as observed at earth, the process of magnetic reconnection began at ~15
R from earth in the magnetotail. This led, within ~5 minutes, to the
gseverance of a substantial longitudinal sector of th; pre-substorm plasma
sheet which then flowed rapidly tallward (at speeds approaching 1000 km/sec),
presumably to joiln the solar wind far downstream. Afzer the plasmoid’s
departure the substorm X-line remained near earth for about a half hour and
then, in conjunction with recovery of the auroral zone negative bay, it moved
suddenly and rapidly taflward beyond Imp 8, causing the plasma sheet to once
more thlcken and lengthen, filling with plasma Jetting earthward from the
retreating neutral line.

Many exawuples of this sequence were found (e.g., Henes, 1977; Bieber et
al,, 1982; Bieber, this volume), and the occurrence of plasmoid formation and
release and 1ts role in energy dissipation from the magnetosphere were quite
well established by these relatively near—earth sat.llite observations. Just
withIn the past year, data have been obtalned from the satellite ISEE 3, as it
traversed the magneintall at ~220 R, from earth, that provide remarkably
detalled confirmation of these ncar-earth results. Brlefly, TSEF 3 found that
the plasma sheet at 220 R, hecomes thick, fllled with hot plasma flowing
rapldly tallward, about 730 minutes after the onset of a suhstorm at earth.
The hot plasma Is found to contaln closed magretic loops In n  pattern
consistent with a large plasmofd. These obhrsevvationa are the subject of the

next scction,
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ISEE 3 Observations of Plasmoids 220 R; from Earth

From December 1982 to March 1983, ISEE 3 traveled outward along the
magnetotail to xSE &~ =220 Rg and back to earth. (See Bame et al., 1983, for
the configuration of the orbit.) Hones et al. (1983) have reported results
of a study of data acquired during a l16-day interval in January-February 1983
when the satellite was qu. .e near the center of the magnetotafl about 220 RE
from earth., Figure 5 shows geomagnetic records from six auroral zone stations
and one mid-latitude station (Rapid City, Sguth Dakota) for January 25, 1983.
Periods of enhanced activity are seen at near-midnight stations at
~N4:30~06:45 UT (NA, GW, FC. RPC), ~10:00-16:30 UT (RPC, ME, CO), and
~18:00-22:00 UT (AB). Plasma electron data acquired during the same day with
a solar wind plasma i{nstrument on ISEE 3 (Bame et al., 1978) are shown In
Figure 6. Careful examinatfon of extended periods of data such as these (Bame
et al,, 1983) and of accompanying magnetic data from the vector helium
magnetometer or the satellite (Frandsen et al., 1978; Slavin et al., 1983)
permit these authors to ldentify, with high confidence, intervals when 1SEE 3
s Iin the magnetosheath, the tall lobes, and the plasma sheet. Briefly, the
mapnetosheath Is characterized by the highest denslties and lowest
temperatures of electrons; the lobes are ldentified primerily by a nearly
constant mapgnetic fleld wILth latitude ~0° and Llongltude ~0° ar ~1807; the
plasma sheet s ldentified primarily by the highest temperatures and, usually,
the highest flow speeds (almost always tallward). Using such mcans, lones et
al. (1937) reached the f{dentificatlons shown under the Temperature pgraph of
Flyure 6. At ~05:00 UT, ~30 mlrates after the (irst interval of enhanced
peomagnetic activity bepgan (Figure ), ISEE 3 crossed from the magnetosheath
(nto the tall lobe, and then Into the plasma shecet. About an hour later (t

went  back  throupgh the lobe and into the mapgnetosheath. Apatn, at ~10:30 UT,
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about 30 minvutes after tlhe onset of <.he sgecond interval of enhanced
geomagnetic activity, ISEE 3 crossed from the magnetosheath Into the tail and
plasma sheet once more, remalning in the plasma sheet or lobe, this time,
throughout essentially that whole extended period of geomagnetf{c activity.
Finally, ISEE 3 was in the plasma sheet again from ~18:30 to ~19:30.

The point to be made from these data Is that the magnetotail at 220 Rp
appears to swell and envelop ISEE 3 about 30 minutes after the onset of
intense geomagnetic activity. ISEE 3 wusually encounters the plasma sheet
shortly after such tail entries and the implication Ls that the plasmz sheet
thickens greatly and is responsible for the tall’s swelling.

Figure 7 shows magnetic fleld data from ISEZ 3 for the first tall
encounter, ~05:00-07:00 UT. TISFE 3 presence In the plasma sheet is I{ndicated
by the reductions of fleld strength, B, during the Interval ~05:25 UT to
~06:12 UT. (The other reductions signify magnetoshecath.) The important
polnt here Is that the latlitude of the field fn the plasma sheet Is flrst
steeply northward and then steeply and more enducingly southward (top panel).
This is the magnetlc signature anticipated for the passage of the severed
plasma sheet and the body of later reconnecting field lines that follow [t.

Figure 8 shows plots of the magnetic field latitude durfng l4 Instances
vhen ISEE 3 made passapges from the lobe Into the plasma sheet, The bheginnlng
of each pgraph {s the time of onset of the corresponding seomapnetle accolvicy
enhancement at carthe The time delays {At) between substorm onset at  earth
and  entry of ISEE 7 into the plasma sheet are remarkably unlform and averape
about 30 minutos,

Figme 9 shows the (nterpretatlion glven these TSEE 3 vesults by Honer et
ntle (1981), The plasma sheet (8 severed by magnetic veconnection near the

ecarth at T ~ 0 vinatess By T = 0 minutes the plasmeld reaches and  onvelopes
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ISEE 3, having expanded laterally because cf reduced lobe magnetic field
pressure at greater distances. By T = 50 minutes the plasmuid is well past
ISEE 3 which remains for some time, however, in the body of later reconnected
field lines contracting behind the plasmold (and helping to accelerate (it
tallward).

Remarkably clear verification of important features of this model has
becn found in measurements of energetic electrons made on 1SEE 3 (Scholer et
al., 1983; Scholer, this volume). Note that the model predicts that as the
plasmoid approaches ISEE 3 the satellite should first be enveloped by open
field Lines that extead from near the substorm X-line and that were
reconnected after the plasmold’s departure. Only after that will ISEE 3 enter
tne closed-loop siructure of the plasmold [iself. Scholer el al. measure
electrong (Ee = 75=115 keV) and f'nd that the flux of these Ls enhanced duriog
substorm-related plasma sheet cencounters such as we have discussed above.
And, remarkably, they find that the flirst-appearing eclectrons arrvive before
1SEE 3 (s deeply enveloped and they stream tallward, Indicating open fleld
lines. A few mlnutes later, as TSEE 7 becomes fully enveloped by the plasma
sheet, the electrvons become Isotrople, bndieating a clased magnetie structure,
An expmple of this  Is  shown In Figure 10, A half-hour enhincement  of
clectrons bepgan az ~0005 U7 on 16 February, 983 sowe 20 minutes after onset
of @ very fntease substorm at earth, The mapgnetie  field  remialued  lobe=lLike
(f.0a, TSEE Y war nat enveloped by hipgh density plasma) and the electrons
streamed tallward (open Field Hines) for about 12 minates,  Then at ~03:17 Ut
LAEE Y enterad the  plasma saheett and the eleetron flax hecame taotropfe,
fadlieating a clowed magnetlie confipguratlon.  As notod above, sueh ohservatfons

an theqe are o remarkable apreement with the model o Figare 9,
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Conclusions -

Large bodies orblziig the sun continually 3ccunulate energy and plasma
from the ever-flowing magnetized solar wind,. This energy cannot build
endlessly but must be dissipated somehow. We can seec at ieast one form of
this dissipation in comets, where the cenergy stored in khelr plasma tails [{s
Intermittently veturned to the solar wind when the plasma talls are severed,
probably by magnetic reconnectfon.

The auroral or magnetic substorm has been, for nearly two decades, an
object of Intense sclentlific research and has been reparded as a process by
which cnergy from earth’s magnetosphere ls suddenly and vapldly d{sslpated
primarily Into the [ionosphere. But several years ago data from sarelllites
orbiting In the magnetotatl wi-hin ~135 RH of earth were Interpreted Lo mnean
that durlng a substorm a scctor of the plasma sheet (s severed from earth by
magnetic reconnection to form a free configuration of mapnecized plasma, a
plasmold, that flows out of the magnetotnll {nto the solar wind. Now, TSEE )
satellite, In the magnetotall 220 R from carth, has observed these  plasmolds
flowing wallward pant  that  locat tan, The discreteness  of  these pilagma

veleases throupgh the mapgnetotall and thetr delayed ansoclatton, at 220 Rl“

with nubalorm  onsetn ar earth  suppgest that they are  contiequences  of
spontianeous releane, probably by magnetie reconmecifon, of enerpgy  and  plasma
carlter stored {n the mapnetotall, Tt s Hkely that this spontancous e lease
of enerpy and plazma to the solar wind, analepous to that obaerved n comet g,
s the viderlving  physienl process In suhetooms, and that the concurrent
enerypy releane o the ecarthy,  aeating the mumal subaiomm,  Is slmply «

by--pradiuet of thits undeclying process.
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Figure Captlions -

Comet Morehouse (1908 III) on  September 30, October 1, and
October 2, 1908. This sequence shows the diaconnection and drifting
away of the plasma tail (Yerkea Observatory photograph).

Record of the horizontal component (H) of Lhe geomagnezic field
measured at Dixon, 17:60-21:00 UT, October 8, 1974. 7The letter M
marks the time when Dixon Is at loecal magnetic midnight. The arrvow
at right {udlecates the directlon and magnitude of a positive change
of I of 200y, or 200 nanotesnlas,

Various datn sets from 1Imp 8, 18:00-19:30 UT, October B, 1974,
First (top) panel: Tongltude (¢SE) of the magnetlc fleld. Zero
degrees Ls sunward, 180° s tallward, 90° {4y duskward. Second
panel: Tatitude (Ag.) of the mapnetic fleld.  Plus 90° {3 due
aovihward, =909 {5 due southward. Thicd panel: Fnerpy dennity (U)
of plasmn electrons.,. Fourth panel: Vectors Indileating  the
dicvectlon and magnltude of the bulk flow of plasma, derlved from the
meadureoed distribution function of plasma protons. Fifth
panel:  Directional flux of encrpetic elentrons, Sixth
panel:  Anlsotropy  paramefoer, "HM:’"MIN' of  energetie eloctrons,
Nownward Indlieates tatlwaed atreaming, upward  Indleatesn ecarthward
Rt reambng, Numbrers  at the bottom are the unlversal time (UT), the
satelllte peacenirie vadial distance (), Tta Tongltade (-2':;“), and
ftn diatance from the entfmated ponftton of the mapnetotall neatal
shoer (A2 The smlin of ¢ oand A2 are evarth  prad(ld (RI-'.) and 1
RI-‘. o V0 k., dap - 10 e In the ant t=nunward diveet ton (from

Honen, 1979,),
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_18_
Schematle representation of changes of <he magnetotall plasma sheet
that are thought to occur during substorms. These are cuts along
the midnight meridian plane of the tail. Earth is at left and a dot
near the center of éach plcture represents a satellite at r ~ }5 Rg
and d7 ~ +1 Rg, Black lines are magnetfc fleld lines and white
arrows indicate plaima flow. A distant neutral line, N, is shown at
¢ ~ 60 Rg and is thought to be a quasi{-permanent feature of the
magnetotall though its dilstance {s not really known and is probably
quite variable. The fine hatching Indlcates the plasma gheet, whilzh
contalng closed fleld lines 1, 2, 3, 4 and is bounded by the "last
clored fleld Line," 5. Field lines 6 and 7 are In the lobe, outside
the piasma sheet (from Hones, 1979b),
Magnetoprams for Janunary 25, 1983 from HMNarasacssuaq (NA), Great
Whale River (GW), Fort Churchill (FC), Rapid City (RPC), Meanook
(ME), Collepe (CD), and Absiko (AB). Mapunetic midnipht (s Indicated
by M (from Rones et al., 1983),
Plasma electron parameters. A flow dirveetlon (@GSH) of 1809 14
taflwards  ISEE 3 presence n the plasma sheot 18 indleated by heavy
Hines undor the  tempersature  praph, Mapgnetosheath  Intervals are
indieated by  light Hnes.  The uomarked pertods are lobe Intevvals
(from Nones ot al., 1981%),
Magunetie T{eld parameteras meagvreod by ISEE 1, Januarcy 25, 19879, ™
the latftude (hGHH) praph 97 fa due north, =907 [y due nouth, In

the lTongftade (2 F) praph 09 (n nunward, 180" {4 tallward, The

on

magnitude (B) (a0 plven (o nanotenl i (From Honen ot al., 1Y81),
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Fig. 9.
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Magnetic fileld lat{tude measured by ISEE 3 during plasma sheet
encounters. The vertical dashed line marks the time of entry into
the plasma sheet, and this time Is glven at the right of each curve.
Horizontal lines with arrowheads mark the durations of subatorms at
earth. Values of At at the right are th; number of minutes from
substorm onset to plasma sheet entry. Quenilon miurks indicate lack
of clear substorm onset tlmes. Tic marks on base lines are 10
minutes apart (from Hones et al., 1983).

Model deplcting the severance of (a longltudinal sector of) the
plasma sheet at substorm onset (T = 0% and (ts departure along the
tall as a closed magnetle sdtructure, a plasmoltd, Black arrows
Indfcate the magnetic fleld direction and whlie arrvows Indleate
plasma flow (from Hones et al., 1983),

Anpular distributions of cnergetic electrons measured by TSEE 3 on
February 16, 1983, The azimuthal distribution s measured (n elpgit
sectorsd, and the count rate In the monst (ntense gector s written in
that sector, The Line at the bottom Indlcates that the magnetia
fiold wias Lobe=ltke (ISEE 3 wan not  yet deeply embedded [n the

plasma sheet) ant il 03217 UT (adapted from Scholer et al., 1981),
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